Long-term Capacity Planning in Die Manufacturing Using the Estimated Product Cost: An Exploratory Research  by Apostu, Marius-Vasile & Bendul, Julia
 Procedia CIRP  41 ( 2016 )  39 – 44 
Available online at www.sciencedirect.com
2212-8271 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of 48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 2015
doi: 10.1016/j.procir.2015.08.105 
ScienceDirect
WK&,53&RQIHUHQFHRQ0$18)$&785,1*6<67(06&,53&06
/RQJWHUPFDSDFLW\SODQQLQJLQGLHPDQXIDFWXULQJXVLQJWKHHVWLPDWHG
SURGXFWFRVWDQH[SORUDWRU\UHVHDUFK
 0DULXV9DVLOH$SRVWXD-XOLD%HQGXOD 
D6FKRRORI0DWKHPDWLFVDQG/RJLVWLFV-DFREV8QLYHUVLW\&DPSXV5LQJ%UHPHQ*HUPDQ\

&RUUHVSRQGLQJDXWKRU7HOID[(PDLODGGUHVVYDSRVWX#MDFREVXQLYHUVLW\GH
Abstract 
7KH WRROPDQXIDFWXULQJ LQGXVWU\ LV FRQVWDQWO\ IDFLQJ WKH FKDOOHQJHRISURGXFLQJTXDOLWDWLYHSURGXFWVZKLOH UHGXFLQJ FRVWV7KH FKDOOHQJH LV
LQFUHDVHGSDUWO\GXHWRWKHXQLTXHQHVVRIWKHSURGXFWVDQGSDUWO\GXHWRWKHDUFKLWHFWXUHRIWKHSURGXFWLRQIDFLOLWLHV1RZDGD\VWRROVDQGGLHVDUH
VWLOOEHLQJSURGXFHGLQMREVKRSHQYLURQPHQWVGXHWRWKHFRPSOH[LW\DQGKLJKYDULDQFHRIWKHSURGXFWV,QVXFKDSURGXFWLRQIDFLOLW\FDSDFLW\
SODQQLQJLVRIYLWDOLPSRUWDQFHDVVFDUFHUHVRXUFHVQHHGWREHFOHYHUO\PDQDJHGLQRUGHUWRREWDLQDKLJKXWLOL]DWLRQ+RZHYHUZLWKXQLTXHSDUWV
DOOUHTXLUHGSURFHVVHVFDQQRWEHIXOO\GHWHUPLQHGLQDGYDQFHDQGFRQVHTXHQWO\LQSUDFWLFHRQO\WKHHVWLPDWHGFRVWRIWKHSURGXFWVLVXVHGLQRUGHU
WRGHWHUPLQHWKHDPRXQWRIZRUNUHTXLUHGWRSURGXFHWKHP$VDUHVXOWWKHHDUOLHUWKHFRVWRISURGXFWLRQIRUWKHSURGXFWFDQEHGHWHUPLQHGWKH
EHWWHUFDQWKHORQJWHUPLQYHVWPHQWVLQSURGXFWLRQFDSDFLW\EHSODQQHGLQWKHMREVKRS)RUWKLVSXUSRVHQXPHURXVFRVWHVWLPDWLRQWHFKQLTXHV
KDYHEHHQGHYHORSHGGXULQJWKHSDVW\HDUV)URPVLPSOHSDUDPHWULFPHWKRGVWRFRPSOH[IHDWXUHDQGFDVHEDVHGFRVWHVWLPDWLRQWHFKQLTXHVWKH
OLWHUDWXUHLVULFKZLWKWKHRUHWLFDOLQIRUPDWLRQLQWHQGHGWRDGGUHVVWKLVSUREOHP+RZHYHUUHVHDUFKHUV¶DFFHVVWRUHDOFRVWGDWDLVDOPRVWLQH[LVWHQW
DVFRPSDQLHVDUHXQGHUVWDQGDEO\UHOXFWDQWWRUHOHDVHFRVWLQIRUPDWLRQH[WHUQDOO\7KLVDUWLFOHDLPVDWUHYHDOLQJWKHFRQQHFWLRQEHWZHHQORQJWHUP
FDSDFLW\SODQQLQJDQGWKHHVWLPDWHGSURGXFWFRVW$VHFRQGDU\DLPLVLQYHVWLJDWLQJWRZKDWH[WHQWGHYHORSHGFRVWHVWLPDWLRQPHWKRGVKDYHEHHQ
WHVWHGZLWKUHDOFRVWLQIRUPDWLRQDQGIXUWKHUPRUHUHYLHZKRZDFFXUDWHWKH\KDYHEHHQHVWDEOLVKHGWREH)LUVWDQRYHUYLHZRIFRVWHVWLPDWLRQDV
ZHOODVDGHVFULSWLRQRIYDULRXVPHWKRGVZLOOEHSUHVHQWHGDORQJZLWKDQLQVLJKWLQWRWKHDFFXUDF\RIVXFKPHWKRGVLQSUDFWLFH6HFRQGO\WKH
EDVLFVRIORQJWHUPFDSDFLW\SODQQLQJDUHDSSURDFKHGE\WKHSDSHUIROORZHGE\DGLVFXVVLRQRIWKHFRQQHFWLRQEHWZHHQWKHWZRGLIIHUHQWUHVHDUFK
IRFLEDVHGRQLQWHUYLHZVZLWKLQGXVWU\H[SHUWV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH6FLHQWLILF&RPPLWWHHRIWK&,53&RQIHUHQFHRQ0$18)$&785,1*6<67(06&,53&06

.H\ZRUGVFRVWHVWLPDWLRQFDSDFLW\SODQQLQJGLHPDQXIDFWXULQJ
1. Introduction 
7KH SUHVVXUH RQ GLH PDQXIDFWXULQJ WR SURGXFH KLJK
TXDOLWDWLYH SURGXFWV LQ D PXFK VKRUWHU WLPH DQG IRU D
FRQWLQXRXVO\ ORZHU FRVW LV JDLQLQJ QRZDGD\V LQ LQWHQVLW\
7KLVOHDGVWRGLHPDQXIDFWXUHUVKDYLQJWRFRQWLQXRXVO\
VWUXJJOHWRNHHSDKLJKVHUYLFHOHYHOZKLOHVWLOOEHLQJSURILWDEOH
)XUWKHUPRUHWKHLQFUHDVHLQZDJHVDVZHOODVWKHVFDUFLW\RIWKH
H[SHUWSHUVRQQHOFKDOOHQJHVHYHQPRUHWKHGLHPDQXIDFWXUHUV
7KLVLVSUREOHPDWLFSDUWLFXODUO\IRUGLHPDQXIDFWXUHUVGXH
WR WKH FRPSOH[LW\ DQG KLJK LQGLYLGXDOLW\ RI WKH SURGXFWLRQ
7KHVH FKDUDFWHULVWLFV PHDQ WKDW D VLQJOHLWHP EDWFK LVODQG
SURGXFWLRQLVUHTXLUHGDQGDVDUHVXOWPRVWGLHPDQXIDFWXUHUV
DUHRUJDQL]HG LQ WKHIRUPRI MREVKRSZKLFK LV OHVVHIILFLHQW
UHTXLUHDKLJKVKDUHRIH[SHUWPDQXDOODERUDVZHOODVKLJKIL[HG
FRVWVWKURXJKWKHKLJKDFFXUDF\PDFKLQLQJHTXLSPHQW
'HVSLWHLQWHQVLYHHIIRUWVWRZDUGVLPSURYHPHQWRIFDSDFLW\
SODQQLQJPHWKRGVZLWKLQVXFKW\SHVRISURGXFWLRQIDFLOLWLHVWKH
GHYHORSHGWRROVDUHVWLOOOLPLWHGE\WKHHVWLPDWLRQRIWKHRYHUDOO
ZRUNYROXPHWKDWQHHGVWREHSURFHVVHGE\WKHDQDO\]HGMRE
VKRS ,Q SUDFWLFH WKLV WDVN LV SHUIRUPHG LQ WKH ORQJUDQJH
FDSDFLW\ SODQQLQJ ZKHUH WKH IXWXUH ZRUN LV HVWLPDWHG DQG
GLVWULEXWHGZLWKLQ WKHZRUNVKRSDFFRUGLQJ WRHDFKUHVSHFWLYH
GXH GDWH LQ RUGHU WR GHWHUPLQH WKH SRVVLEOH FDSDFLW\ ORDG
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&XUUHQWO\GHPDQGIRUHFDVWVDUHEHLQJXVHGDVDEDVLVIRUORQJ
UDQJH FDSDFLW\ SODQQLQJ KRZHYHU VXFK PHWKRGV DUH QRW
VXIILFLHQWO\DFFXUDWHIRUGLHPDQXIDFWXULQJ
$GYDQFHVLQFRVWHVWLPDWLRQKDYHJDLQHGLQLPSRUWDQFHLQ
WKHSDVW\HDUVDQGWKHPHWKRGVWRHDUO\GHWHUPLQHWKHFRVWVRI
GLHVKDYHEHFRPHPRUHFRPSOH[7KHVHDGYDQFHPHQWVDUH
UHOHYDQW IRU WKH WRSLF RI WKLV SDSHU DV FRVW HVWLPDWHV FDQ EH
EURNHQGRZQLQWRSURGXFWLRQWLPHVWKDWFRXOGEHXVHGIRUWKH
ORQJUDQJHFDSDFLW\SODQQLQJ&RQVLGHULQJWKDWFRVWHVWLPDWLRQ
LVXVXDOO\GRQHLQWKHHDUO\GHVLJQVWDJHRIGLHPDQXIDFWXULQJ
VHYHUDOPRQWKVWR\HDUVLQDGYDQFHXVLQJWKHLQIRUPDWLRQIURP
WKLVVRXUFHFRXOGEHRIJUHDWDGYDQWDJHDVLWZLOOLPSURYHWKH
HIIHFWLYHQHVV RI FDSDFLW\ SODQQLQJ PHWKRGV 6XFK D V\QHUJ\
EHWZHHQWKHWZRSHUVSHFWLYHVKDVQRW\HWEHHQGHVFULEHGLQWKH
OLWHUDWXUHDQGLWSRVHVDQLQWHUHVWLQJSHUVSHFWLYHVDVERWKWDVNV
DUHSHUIRUPHGLQDGYDQFHRIWKHPDQXIDFWXULQJDQGHPSOR\WKH
VDPHLQIRUPDWLRQEDVLV
7KLVSDSHUZLOO SURYLGH DQ LQVLJKW LQWRGLHPDQXIDFWXULQJ
ZLWK D IRFXV RQ WKH FRVW HVWLPDWLRQ WHFKQLTXHV WKDW ZHUH
GHYHORSHG IRU WKLV EUDQFK WKHLU GHYHORSPHQW LQ WLPH DQG
SUHVHQWLQJDFODVVLILFDWLRQRIWKHDYDLODEOHPHWKRGVLQRUGHUWR
VKRZ WKHPXWXDO LQIRUPDWLRQEDVH WKH\VKDUHZLWK ORQJWHUP
FDSDFLW\SODQQLQJ)XUWKHUPRUHDQLQVLJKWLQWRWKHFXUUHQWVWDWH
RIWKHUHVHDUFKWRZDUGVWKHDFFXUDF\RIWKHVHPHWKRGVZLOOEH
SURYLGHG7KLVLVWKHEDVLVIRUWKHDLPRIWKHSDSHURIH[SORULQJ
WKH FRQQHFWLRQ EHWZHHQ ORQJ UDQJH FDSDFLW\ SODQQLQJZLWKLQ
GLHPDQXIDFWXULQJDQGWKHFRVWHVWLPDWLRQRIGLHVWKHDXWKRUV
KLQWLQJ WRZDUGV D V\QHUJ\ EHWZHHQ WKH WZR FXUUHQWO\
LQGHSHQGHQWUHVHDUFKIRFL
2. Challenges of die manufacturing 
1XPHURXVSURGXFWVEHLQJPDQXIDFWXUHGQRZDGD\VFRQWDLQV
DKLJKDPRXQWRISDUWVWKDWDUHSURGXFHGWKURXJKIRUPLQJDQG
VWDPSLQJRIPHWDOVKHHWVGXULQJDSUHVVLQJSURFHVV'XULQJWKLV
SURFHGXUHKHDY\GXW\GLHVDUHEHLQJXVHGLQVHYHUDOVHTXHQWLDO
VWHSVZLWKWKHSXUSRVHRIJUDGXDOO\IRUPLQJDIODWVKHHWRIPHWDO
LQWR D SDUW WKDW FDQ EH ODWHU DVVHPEOHG LQ WKH ILQDO SURGXFW
'HSHQGLQJRQWKHSDUWWKH\DUHSURGXFLQJGLHVYDU\LQVL]HDQG
FRXOGUHDFKXSWRWRQVLQZHLJKW
'LHV DUH FRPSOH[ DVVHPEOLHV WKDW FRQVLVW XVXDOO\ RI DQ
H[WHUQDO VXSSRUWLQJ VWUXFWXUH DQG DQ LQWHUQDO FRQVWUXFWLRQ $
W\SLFDOGLHLVVSOLWLQWRDQXSSHUDQGDORZHUVHFWLRQ7KHPHWDO
VKHHWLVSUHVVHGZLWKLQWKHWZRVHFWLRQVWRJLYHLW WKHGHVLUHG
VKDSH 7KHUHIRUH WKH LQWHUQDO FRQVWUXFWLRQ FRQWDLQV DOO WKH
UHTXLUHGFRPSRQHQWVWRVXVWDLQWKHSDUWLQWKHSUHVVLQJSURFHVV
JLYHLWWKHUHTXLUHGVKDSHVDIHO\UHPRYHWKHFXWDZD\PDWHULDO
DQGRSWLRQDOO\DWWHQGWRWKHHGJHVRIWKHSDUWLQFHUWDLQVWDJHV
RISURGXFWLRQ7KHH[WHUQDOVKHOOLVFDVWHGRXWRIVWURQJVWHHO
DQGKDVWKHUROHWRVXSSRUWDOOFRPSRQHQWVWKDWDUHDVVHPEOHG
ZLWKLQWKHGLH)XUWKHUPRUHWKHVKHOOLVXVHGWRIL[WKHGLHZLWKLQ
WKH SUHVV DQG HQVXUH DQ DFFXUDWHPHHWLQJ SRLQW EHWZHHQ WKH
XSSHUDQGORZHUVLGH
/RRNLQJDWWKHDXWRPRWLYHLQGXVWU\DVDQH[DPSOHIRUHDFK
SDUWWKDWLVSURGXFHGWKURXJKVWDPSLQJWKHUHDUHEHWZHHQDQG
VWDJHVUHTXLUHGGHSHQGLQJRQWKHFRPSOH[LW\RIWKHSDUW$V
DUHVXOWIRUHDFKSDUWDVLQJOHVHWRIGLHVLVPDQXIDFWXUHGZKLFK
ZLOOWKHQEHXVHGDQGPDLQWDLQHGGXULQJWKHHQWLUHSURGXFWLRQ
OLIHWLPH 7KHUHIRUH QRW RQO\ LV HDFK GLH XQLTXH GHVSLWH WKH
VLPLODULW\ZLWKLQWKHGLHVHWEXWWKH\ZLOODOVREHSURGXFHGRQO\
RQFH 7KLV LQFUHDVHV WKH XQFHUWDLQW\ WRZDUGV WKH SURGXFWLRQ
GXUDWLRQDVHDFKGLHPXVWEHFXVWRPWDLORUHGWRWKHSURGXFWLW
ZLOOSURGXFH
'LHVFRQVLVWRIPHWDODVVHPEOLHVDQGSDUWVWKDWDUHSURGXFHG
WKURXJK YDULRXV PDFKLQLQJ SURFHVVHV PLOOLQJ WXUQLQJ
JULQGLQJ HWF XVXDOO\ ZLWKLQ D MREVKRS  +RZHYHU WKH
DFWXDOGLHPDNLQJVWDUWVPXFKHDUOLHU%DVHGRQWKHJHRPHWU\
RI WKH SDUW WR EH SURGXFHG WKH QXPEHU RI UHTXLUHG VWHSV LV
GHWHUPLQHG IROORZHG E\ WKH GHVLJQ RI HDFK GLH ZLWKLQ WKH
UHVSHFWLYH VHW )RU HDFK FRPSRQHQW RI WKH GLHV WKDW QHHGV
PDFKLQLQJDQ1&SURJUDPLVFUHDWHGEDVHGRQLWVJHRPHWU\DQG
WKHVHWWLQJVRI WKHSURFHVV LWZLOOEHVXEMHFWHG WR)ROORZLQJ
HDFKFRPSRQHQWLVPDFKLQHGDFFRUGLQJO\DQGSDUWVDUHIXUWKHU
SUHSDUHGIRUDVVHPEO\$VVRRQDVDOO WKHQHFHVVDU\SDUWVDUH
DYDLODEOH WKH DVVHPEO\ RI WKH GLHV WDNHV SODFH ZKLFK LV
IROORZHG E\ D WKRURXJK WHVWLQJ DQG TXDOLW\ LQVSHFWLRQ 
'HWHFWHG IDXOWV DQG TXDOLW\ SUREOHPV DUH IL[HG DQG
RSWLPL]DWLRQV WR WKH SHUIRUPDQFH RI WKH GLH DUH SHUIRUPHG
EHIRUHWKHGHOLYHU\WRWKHFXVWRPHU
7KHPDQXIDFWXULQJRIGLHVLVDOHQJWK\SURFHVVDQGFDQVSDQ
IURPVHYHUDOPRQWKVDQGHYHQXSWR\HDUIURPILUVWGHVLJQWR
GHOLYHU\ WR WKH FXVWRPHU 7KH ILQDO VKDSH RI WKH GLH LV
GHWHUPLQHGE\WKHJHRPHWU\RIWKHSDUWLWZLOOSURGXFH,Q
VRPHFDVHVWKHILQDOYHUVLRQRIWKHSDUWGHVLJQLVGHFLGHGODWH
DQGFKDQJHVPLJKWRFFXUDIWHUWKHGHVLJQRIWKHGLHLVFRPSOHWH
7KHUHIRUHWKHGLHPDQXIDFWXUHUQHHGVWREHIOH[LEOHHQRXJKWR
DOORZVXFKFKDQJHVWREHLPSOHPHQWHGRQVKRUWQRWLFH'XHWR
WKHORQJOHDGWLPHRIWKHGLHSURGXFWLRQSURFHVVWKHGLHPDNHU
FDQQRWZDLWXQWLOWKHILQDOGHVLJQRIWKHSDUWLVUHDG\DQGPXVW
DOUHDG\VWDUWZLWKWKHPDQXIDFWXULQJLQRUGHUWREHDEOHWRPHHW
WKHGHOLYHU\GHDGOLQH
3. Cost estimation in die manufacturing 
 2YHUYLHZ
7KHSURFHGXUHRIUHDOLVWLFDOO\SUHGLFWLQJWKHPDQXIDFWXULQJ
FRVWV RI D SURGXFW EHIRUH WKH FRPSOHWLRQRI LWV SURGXFWLRQ LV
NQRZQDVSURGXFWFRVWHVWLPDWLRQ 7KLVSURFHGXUHKDV
EHHQLQUHVHDUFKIRFXVIRUWKHSDVWIRXUGHFDGHV DQGKDV
EHHQ FRQWLQXRXVO\ JDLQLQJ LQ FRPSOH[LW\ RYHU WKH \HDUV 
&RVWHVWLPDWLRQLVRIDSDUWLFXODUDGYDQWDJHWRGLHPDNHUVLQWKH
ELGGLQJ SURFHVV 'XULQJ ELGGLQJ GLH PDQXIDFWXUHUV KDYH WR
UHOHDVHDQRIIHUIRUDVSHFLILFSURGXFWDQGEDVHGRQWKDWSULFH
WKHLU FKDQFHV RI UHFHLYLQJ WKH FRQWUDFW DUH GHSHQGHQW
7KHUHIRUHLIWKHSULFHLVWRRKLJKWKHUHDUHKLJKHUFKDQFHVWKH
GLHPDNHUZLOOQRWUHFHLYHWKHFRQWUDFWZKLOHLIWKHSULFHLVWRR
ORZ WKH FKDQFHV WR UHFHLYH WKH FRQWUDFW LQFUHDVH EXW WKH GLH
PDNHU ZRXOG VWUXJJOH WR PDNH D SURILW DQG WKHUHIRUH LWV
)LJXUH([DPSOHRIDGLHVHWLQWKHDXWRPRWLYHVHFWRU
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EXVLQHVVFRXOGEHMHRSDUGL]HG$VDUHVXOWZLWKRXWDQDFFXUDWH
DQGIDVWFRVWHVWLPDWH WKHFRPSHWLWLYHQHVVRIGLHPDNHUVFDQ
EHKLQGHUHG
&RVW HVWLPDWLRQ FDQ EH SHUFHLYHG DV DQ H[WHQVLRQ RI FRVW
DFFRXQWLQJ DQG LW GLIIHUHQWLDWHV LWVHOI WKURXJK VHYHUDO
FKDUDFWHULVWLFV 1RW RQO\ LV FRVW HVWLPDWLRQ SHUIRUPHG PXFK
HDUOLHUWKDQFRVWDFFRXQWLQJEXWLWHPSOR\VDGLIIHUHQWFDWHJRU\
RI SHRSOH $FFRXQWDQWV ZLOO DQDO\]H WKH UHVXOWLQJ ELOOV DQG
UHVRXUFHXVDJHWRGHWHUPLQHWKHDFWXDOFRVWRIWKHSURGXFW&RVW
HVWLPDWLRQ LVSHUIRUPHGE\H[SHULHQFHGHQJLQHHUVZKRPDNH
XVHRIWKHLUH[WHQVLYHNQRZOHGJHRISURGXFWLRQWHFKQRORJ\DQG
HQJLQHHULQJ HFRQRPLFV LQ RUGHU WR GHWHUPLQH WKH FRVW RI WKH
SURGXFWWREHPDQXIDFWXUHG
+LVWRULFDOO\ FRVW HVWLPDWLRQ PHWKRGV KDYH GHYHORSHG LQ
WLPHDQGWKHLUFRPSOH[LW\KDVLQFUHDVHGRYHUWKH\HDUVGXHWR
WKHKLJKHUDPRXQWRILQIRUPDWLRQFRQVLGHUHGLQRUGHUWREHWWHU
IRUHFDVWWKHFRVWRIDSURGXFW,QLWLDOO\SDUDPHWULFPHWKRGV
ZHUH HVWDEOLVKHG IROORZHG FORVHO\ E\ DQDORJLFDO DSSURDFKHV
7KHVH EHFDPH WKH EDVLV RI DQDO\WLFDOPHWKRGVZKLFK IXUWKHU
GHYHORSHG LQWR DFWLYLW\EDVHG FRVWLQJ 7KH FRPSOH[LW\
LQFUHDVHGJUHDWO\GXULQJWKHSDVWGHFDGHZLWKWKHLQWURGXFWLRQ
RI IHDWXUHEDVHG WHFKQLTXHV ZKLFK DUH QRZ UHFHQWO\ EHLQJ
FRPSOHPHQWHG E\ FDVHEDVHG DSSURDFKHV

7KHUH DUH VHYHUDO FODVVLILFDWLRQV LQ WKH OLWHUDWXUH RI FRVW
HVWLPDWLRQPHWKRGEDVHGRQYDULRXVFULWHULD WKRXJKWKHPRVW
VHQVLEOH DWWHPSW WR FOXVWHU DOOPHWKRGV EHORQJV WR9HUOLQGHQ
ZKR WRRN LQWR FRQVLGHUDWLRQ WKH XQGHUO\LQJ DSSURDFK RI WKH
PHWKRGV
x 9DULDQWEDVHG PHWKRGV DQDO\]H DOO SUHYLRXVO\
PDQXIDFWXUHG SURGXFWV DQG WDNH LQWR DFFRXQW WKH
VLPLODULW\ RI WKH SURGXFW ZKRVH FRVW ZLOO EH
HVWLPDWHG ZLWK WKH RQHV DOUHDG\ LQ WKH GDWDEDVH
7KLVREMHFWLYHFRPSDULVRQ LVXVHG WRGHWHUPLQHD
VLPLODULW\ FRHIILFLHQW EDVHG RQ ZKLFK WKH
PDQXIDFWXULQJ FRVW RI WKH DQDO\]HG SURGXFW LV
GHWHUPLQHG
x *HQHUDWLYH FRVW HVWLPDWLRQ PDNHV XVH RI WKH
DYDLODEOH WHFKQLFDO LQIRUPDWLRQ UHJDUGLQJ WKH
SURGXFWVXFKDVJHRPHWU\PDWHULDOIHDWXUHVHWF
LQ RUGHU WR K\SRWKHWLFDOO\ JHQHUDWH WKH SODXVLEOH
SURGXFWLRQ SURFHVV SODQ %DVHG RQ WKLV UHDOLVWLF
SURFHVVSODQDQGWKHDYDLODEOHFRVWDQGODERUUDWHV
WKH RYHUDOO FRVWV IRU WKH PDQXIDFWXULQJ RI WKH
UHVSHFWLYHSURGXFWDUHHVWLPDWHG
x +\EULGFRVWHVWLPDWLRQWHFKQLTXHVZHUHGHYHORSHG
WRKLQGHULQDFFXUDFLHVRULQFRPSOHWHQHVVLQWKHFRVW
HVWLPDWH UHSRUWV LQ WKH FDVHV ZKHUH FHUWDLQ
LQIRUPDWLRQZDVPLVVLQJ7KHVH W\SH RIPHWKRGV
DUH D PL[ RI YDULDQWEDVHG DQ JHQHUDWLYH
DSSURDFKHV WKDW KDYH WKH JRDO WR GHOLYHU D FRVW
HVWLPDWH UHJDUGOHVV RI WKH VSRUDGLF ODFN RI
LQIRUPDWLRQ WKDW FRXOG RFFXU 0RVW OLWHUDWXUH
VXJJHVWV WKDW K\EULG PHWKRGV DUH LQ HVVHQFH
JHQHUDWLYHDSSURDFKHVWKDWDUHVXSSOHPHQWHGZKHQ
QHHGHG E\ YDULDQWEDVHG DSSURDFKHV 
+RZHYHU UHVHDUFKHUV KDYH UHFHQWO\ GHWHUPLQHG
WKDWDFRQVWDQWFRRSHUDWLRQEHWZHHQWKHWZRW\SHV
RI WHFKQLTXHV FRXOG VLJQLILFDQWO\ LPSURYH WKH
HVWLPDWHDVWKHFDOFXODWLRQZLOOQRWRQO\ORRNDWWKH
WHFKQLFDO DVSHFWV RI WKH SURGXFW EXW LW ZLOO DOVR
FRPSDUH LW ZLWK SDVW LQIRUPDWLRQ RI VLPLODUO\
SURGXFHGSDUWV
7KH FXUUHQW FKDSWHU ZLOO IXUWKHU GHVFULEH HDFK RI WKH
DERYHPHQWLRQHGFDWHJRULHVRIFRVWHVWLPDWLRQPHWKRGVDVZHOO
DVH[HPSOLI\ZLWK VHYHUDOFDVHVZLWKDPRUHGHWDLOHG LQVLJKW
LQWR SDUWLFXODU PHWKRGV DV ZHOO DV WKH LPSOLFDWLRQV RI
LPSOHPHQWLQJWKHPLQWKHVHWWLQJRIDGLHPDNHU
 9DULDQWEDVHGPHWKRGV
&HUWDLQ FRVW HVWLPDWLRQ WHFKQLTXHV GHWHUPLQH WKH
PDQXIDFWXULQJ FRVW RI D FHUWDLQ SURGXFW WKURXJK DQDO\]LQJ
DQDORJLHVDQGVLPLODULWLHVEHWZHHQLWDQGSUHYLRXVO\SURGXFHG
SDUWVZKRVHFRVWDQGWHFKQLFDOLQIRUPDWLRQKDYHEHHQUHFRUGHG
LQDVHWGDWDEDVH7KHVHDSSURDFKHVDUHNQRZQDVYDULDQWEDVHG
PHWKRGV DQG PDNH XV RI KLVWRULFDO GDWD DQG WKH GHJUHH RI
VLPLODULW\ RI WKH DQDO\]HG SURGXFW DQG WKH RQHV LQ WKH VHW
GDWDEDVHWRGHWHUPLQHLWVFRVW
6HYHUDO PHWKRGV KDYH EHHQ GHYHORSHG WKDW SHUWDLQ WR WKLV
FOXVWHUKRZHYHU UHJDUGOHVVRI WKHLUFRPSOH[LW\ WKH\DOO KDYH
WKHVDPHXQGHUO\LQJSURFHGXUH&XUUDQGRFXPHQWHGD
GHWDLOHG SUDFWLFH WKDW ZRXOG OHDG WR D VXFFHVVIXO
LPSOHPHQWDWLRQ RI DQDORJ\EDVHG WHFKQLTXHV  $
SUHUHTXLVLWHRI WKH WHFKQLTXH LV WKDWDGDWDEDVHZLWKFRVWDQG
WHFKQLFDO LQIRUPDWLRQ RI UHOHYDQW SDUWV LV DYDLODEOH 7KH ILUVW
VWHS FRQVLVWV RI D WKRURXJK DQDO\VLV GHILQLWLRQ DQG
GRFXPHQWDWLRQRIDOOFKDUDFWHULVWLFVRIWKHSDUWXQGHUUHYLHZ
)ROORZLQJWKHIDFWRUVWKDWKDYHDQLQIOXHQFHRQWKHFRVWRIWKH
DQDO\]HGSURGXFWDUHFRPSDUHGWRWKHRQHVLQWKHGDWDEDVHDQG
GHSHQGLQJRQ WKH VLPLODULW\GHWHUPLQHG WKHSURGXFWLRQFRVWV
DUHHVWLPDWHG7KHVLPLODULW\GHJUHHFDQEHGHWHUPLQHG
WKURXJKDPXOWLWXGHRIDOJRULWKPVZLWKYDULRXVFRPSOH[LWLHV
UDQJLQJIURPPDQXDOH[SHUWHYDOXDWLRQVWRFRPSOH[FRPSXWHU
DOJRULWKPVIX]]\ORJLFQHDUHVWQHLJKERUHWF
7KHTXDOLW\RIWKHHVWLPDWHLVGHWHUPLQHGDPRQJVWRWKHUVE\
WKH DFFXUDF\ RI WKH LQIRUPDWLRQ LQ WKH GDWDEDVH DQG E\ WKH
SUHFLVLRQZLWKZKLFKWKHVLPLODULW\PHDVXUHLVFDOFXODWHG
5HVHDUFKHUV KDYH GHWHUPLQHG WKDW WKH KLJKHU WKH QXPEHU RI
FRVWLQIOXHQFLQJ IDFWRUV WKDW D SURGXFW KDV WKH KLJKHU WKH
FRPSOH[LW\ RI WKH VLPLODULW\ PHDVXUH LV DQG WKHUHIRUH WKH
HVWLPDWLRQ WDVN EHFRPHV PRUH FKDOOHQJLQJ  'LH
FRPSRQHQWVDUHSDUWVRIKLJKFRPSOH[LW\DQGWKHIDFWRUVWKDW
FRXOG LQIOXHQFH WKH FRVW DUH FRXQWOHVV )XUWKHUPRUH WKH
FRPELQDWLRQSRVVLELOLWLHVRIWKHDYDLODEOHIHDWXUHVLQFUHDVHWKH
FKDOOHQJHRIDFFXUDWHO\GHWHUPLQLQJDVLPLODULW\PHDVXUH$VD
UHVXOWWKHWDVNRIHVWLPDWLQJGLHFRVWVXVLQJH[FOXVLYHO\YDULDQW
EDVHGPHWKRGVLVFKDOOHQJLQJDQGKDVQRW\HWEHHQSURYHQWREH
SUHFLVHLQDSUDFWLFDOHQYLURQPHQW
 *HQHUDWLYHFRVWHVWLPDWLRQ
6HYHUDO WHFKQLTXHV KDYH EHHQ GHYHORSHG WKDW DWWHPSW WR
HVWLPDWHWKHFRVWRIDSURGXFWWKURXJKDQDO\]LQJLWVWHFKQLFDO
FKDUDFWHULVWLFVIHDWXUHVDQGSRVVLEOHSURGXFWLRQSURFHVVHV,Q
WKLV PDQQHU FRVW RI PDQXIDFWXULQJ LV DUWLILFLDOO\ JHQHUDWHG
/LWHUDWXUHUHYHDOVWKDWLQJHQHUDOWKHUHDUHWZRPDLQDSSURDFKHV
WRZDUGVJHQHUDWLYHFRVWHVWLPDWLRQ7KHUHVHDUFKHUVKDYHHLWKHU
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IRFXVHG RQ GHYHORSLQJ D FRVW HVWLPDWLRQ UHODWLRQVKLS
SDUDPHWULFRUGHWHUPLQHG WKH UHTXLUHGSURGXFWLRQSURFHVVHV
DQGEDVHGRQWKHLUSDUDPHWHUVDWWHPSWHGWRHVWLPDWHWKHFRVWRI
PDQXIDFWXULQJDFWLYLW\EDVHGIHDWXUHEDVHG
&RVWHVWLPDWLRQUHODWLRQVKLSVDUHIRUPXODHWKDWXVHFRVWGULYHUV
RI WKH UHVSHFWLYH SURGXFW WR GHWHUPLQH WKH SUREDEOH
PDQXIDFWXULQJFRVW7KHUHIRUHWKHDQDO\]HGSURGXFWQHHGVWR
EH LQYHVWLJDWHGDQG LWVFRVWGULYHUVQHHG WREH LGHQWLILHGDQG
GRFXPHQWHG3DUDPHWULFPHWKRGV WDNH LQWRDFFRXQWVXFKFRVW
GULYHUVDQGXVLQJVWDWLVWLFDOPHWKRGVDSSOLHGRQKLVWRULFDOGDWD
WKH\DUHDEOHWRJHQHUDWHDFRVWHVWLPDWH7KHDGYDQWDJHRIWKLV
PHWKRG LV WKDW DV VRRQ DV WKH FRVW HVWLPDWLRQ UHODWLRQVKLS
IRUPXODLVGHWHUPLQHGLWFDQEHDSSOLHGDWDODWHUWLPHDVORQJ
DVWKHLQIOXHQFHRIWKHLGHQWLILHGFRVWGULYHUVKDVQRWVXIIHUHG
DQ\FKDQJHV+RZHYHU WKHPHWKRGVWLOO ODFNV LQSUHFLVLRQIRU
SUDFWLFDODSSOLFDWLRQV 
$FWLYLW\EDVHG WHFKQLTXHV DSSURDFK WKH FRVW HVWLPDWLRQ WDVN
IURP D GLIIHUHQW SHUVSHFWLYH 6XFK PHWKRGV DQDO\]H WKH
SURSRVHG RU SUHGHWHUPLQHG SURGXFWLRQ SURFHVVHV RI WKH
UHVSHFWLYH SURGXFW 7KH SURFHVVLQJ WLPH GXULQJ HDFK VWHS LV
PXOWLSOLHGZLWK WKH FRVW UDWH IRU WKH UHVSHFWLYH UHVRXUFH DQG
WKHQ WKH RYHUDOO FRVW RI PDQXIDFWXULQJ RI WKH SURGXFW LV
DJJUHJDWHG 7KH PHWKRG VWLOO UHTXLUHV D FHUWDLQ H[SHUW
NQRZOHGJH DV LW DWWHPSWV WR GHWHUPLQH WKH UHTXLUHG
PDQXIDFWXULQJ VWHSV DV ORQJ DV WKHLU GXUDWLRQ +RZHYHU
DFWLYLW\EDVHG WHFKQLTXHV GHSLFW D FOHDU SLFWXUH RI WKH FRVW
VWUXFWXUHRIWKHDQDO\]HGSURGXFW
)HDWXUHEDVHG PHWKRGV KDYH WKHLU URRWV ZLWKLQ WKH DFWLYLW\
EDVHGDSSURDFKHVKRZHYHUWKHPDQQHULQZKLFKWKHUHTXLUHG
SURFHVVHV DQG WKHLU GXUDWLRQ LV GHWHUPLQHG LV SHUIRUPHG LQ D
PRUHSUHFLVHPDQQHUDQGZLWKPXFKOHVVH[SHUWLQWHUDFWLRQ$V
WKHQDPHVXJJHVWVXFKWHFKQLTXHVLGHQWLI\WKHIHDWXUHVRIWKH
SDUWXQGHUDQDO\VLVEDVHGRQLWVJHRPHWU\7KHVHIHDWXUHVDUH
VWDQGDUGL]HG)LJXUHDQGWKHUHTXLUHGPDFKLQLQJSURFHVVLV
SUHGHWHUPLQHG7KHRQO\YDULDEOH VWLOO WREH LGHQWLILHG LV WKH
GXUDWLRQRIWKHSURFHVVZKLFKLVGHWHUPLQHGWKURXJKWKHYROXPH
RI PDWHULDO WR EH UHPRYHG LQ RUGHU WR REWDLQ WKH UHVSHFWLYH
IHDWXUHZKLFKFDQEHREMHFWLYHO\FDOFXODWHG$VVRRQDVWKHVH
SDUDPHWHUVDUHGHWHUPLQHGWKHFRVWHVWLPDWHLVDJJUHJDWHGLQD
VLPLODU PDQQHU DV ZLWK DFWLYLW\EDVHG DSSURDFKHV

7KH FRQILJXUDWLRQ RI GLH PDQXIDFWXULQJ LV DFFRUGLQJ WR WKH
XQGHUO\LQJ SULQFLSOH RI PRVW JHQHUDWLYH DSSURDFKHV $SDUW
IURP SDUDPHWULF PHWKRGV ZKLFK DUH PRUH JHQHUDO DFWLYLW\
EDVHGDQGIHDWXUHEDVHGWHFKQLTXHVVHHPWREHPRGHOHGRQGLH
PDQXIDFWXULQJ7KHSURFHVVRULHQWHGYLHZQRWRQO\SURYLGHVD
FOHDUDQGVWUXFWXUHGGLVWULEXWLRQRIFRVWVEXWLWDOVRWDNHVLQWR
DFFRXQWWKHOHYHORIGHWDLOUHTXLUHGE\GLHPDQXIDFWXULQJ7KHVH
PHWKRGVGRKRZHYHUDVVXPHDFHUWDLQVHWRIVWDQGDUGYDOXHVIRU
WKH FDOFXODWLRQV ZKLFK LQPRVW FDVHV DUH QRW DEOH WR IRUHVHH
GHYLDWLRQVWKDWFRXOGEHWULJJHUHGE\FHUWDLQSURSHUWLHVRIWKH
SURGXFWEHLQJPDQXIDFWXUHG
 +\EULGFRVWHVWLPDWLRQ
+\EULG FRVW HVWLPDWLRQ DV WKH QDPH VXJJHVWV FRPELQH
VHYHUDO W\SHV RI DSSURDFKHV LQ RUGHU WR EHWWHU IRUHVHH WKH
PDQXIDFWXULQJFRVWRIDSURGXFW6XFKPHWKRGVZHUHGHYHORSHG
WR DFFRXQW IRU JDSV LQ LQIRUPDWLRQ GDWDEDVHV WKDW ZHUH
KLQGHULQJ WKH HVWLPDWLRQ RI FRVWZLWK HLWKHU YDULDQWEDVHG RU
JHQHUDWLYH WHFKQLTXHV 6LQFH FRVW HVWLPDWLRQ LV SHUIRUPHG
XVXDOO\YHU\HDUO\LQWKHGHVLJQVWDJHLWLVRIWHQWKHFDVHWKDW
FHUWDLQ PLJKW EH PLVVLQJ DQG WKHUHIRUH VXFK PHWKRGV DUH
UHTXLUHG ,Q JHQHUDO JHQHUDWLYHPHWKRGVZRXOG EH SUHIHUUHG
DQG DWWHPSWHG EXW RIWHQ VR HDUO\ LQ WKH GHVLJQ VWDJH
LQIRUPDWLRQ LVPLVVLQJ DQG WKHUHIRUH VXFKPHWKRGV FRXOG EH
FRPSOHPHQWHG E\ YDULDQWEDVHG DSSURDFKHV IRU WKH VHFWLRQV
ZHUH GDWD LV QRW \HW DYDLODEOH 7KH DJJUHJDWLRQ RI WKH WZR
DSSURDFKHV ZRXOG ODWHU GHWHUPLQH WKH HVWLPDWHG FRVW IRU WKH
UHVSHFWLYHSURGXFW
5HFHQWO\DQRWKHUSHUVSHFWLYHRQK\EULGFRVWHVWLPDWLRQKDV
EHHQUHYHDOHGWKURXJKWKHZRUNRI/D\HU+HGHVFULEHV
DPHWKRGWKDWGLIIHUVIURPWKHSUHYLRXVO\NQRZQDQGGHVFULEHG
K\EULGDSSURDFKHVEXWKLVWHFKQLTXHVWLOOTXDOLILHVDVK\EULGDV
LW VWLOO FRPELQHV ERWKYDULDQWEDVHG DQG JHQHUDWLYHPHWKRGV,Q
D ILUVW VWHS D JHQHUDWLYH DSSURDFK LV XVHG ZKLFK LV IXUWKHU
VXSSOHPHQWHG E\ D YDULDQWEDVHG WHFKQLTXH 7KH FDVH EDVHG
YLHZLVQRWXVHGRQO\IRUVHFWLRQVZKHUHLQIRUPDWLRQLVPLVVLQJ
EXWIRUHDFKXQLWRIWKHFRVWVWUXFWXUHPHDQLQJWKDWWKHFRVWIRU
HDFK VHFWLRQ LV GHWHUPLQHG EDVHG RQ WZR VRXUFHV EDVLFDOO\
WDNLQJLQWRDFFRXQWGHYLDWLRQVWKDWPLJKWKDYHRFFXUUHGLQWKH
SDVWIRUVLPLODUSDUWV7KLVFRQVHQVXVEHWZHHQWKHWZRPHWKRG
W\SHV KDV WKH SXUSRVH RI LPSURYLQJ WKH TXDOLW\ RI WKH FRVW
HVWLPDWH
 $FFXUDF\RIFRVWHVWLPDWLRQPHWKRGV
7KHPDLQFKDOOHQJHRIFRVWHVWLPDWLRQLVWKHDELOLW\WRPRVW
DFFXUDWHO\ GHWHUPLQH WKHPDQXIDFWXULQJ FRVW RI WKH DQDO\]HG
SURGXFW 5HVHDUFKHUV KDYH PDGH DWWHPSWV WR GHWHUPLQH WKH
DFFXUDF\ RI WKH SUHYLRXVO\ GHYHORSHGPHWKRGV WKRXJK WKHLU
HIIRUWVZHUHQRWDEOH WRVKRZUHVXOWV2XWRI WKHPHWKRGV
UHYLHZHGRQO\DWWHPSWHGDYDOLGDWLRQOHDGLQJ WRRQO\RQH
SDSHUEHLQJDEOHWRGHWHUPLQHWKDWWKHDQDO\]HGWHFKQLTXHZDV
HVWLPDWLQJZLWKDJRRGDFFXUDF\7KHYDOLGDWLRQSURFHGXUH
KDGRQO\DVEDVLVRQHVRXUFHRIGDWDDQGRQO\DOLPLWHGDPRXQW
RISURGXFWVZHUHXVHG7KLVFRXOGSXWLQWRTXHVWLRQWKHDFWXDO
DFFXUDF\RIWKHPHWKRG+RZHYHUWKLVUHYHDOVDSUREOHPZKLFK
UHVHDUFKHUVLQWKLVILHOGDUHIDFLQJ&RPSDQLHVDUHUHOXFWDQWWR
UHOHDVH FRVW DQG SURGXFWLRQ LQIRUPDWLRQ WR VFLHQWLVWV IRU
UHVHDUFK SXUSRVHV 7KLV FKDOOHQJHZDV GRFXPHQWHG E\%RGH
ZKRGHVFULEHGKLV LQWHQWLRQ WRYDOLGDWH KLVGHYHORSHG
PHWKRGEXWZDVXQDEOHWRGXHWRWKHODFNRIVXSSRUWIURPWKH
LQGXVWU\  $V D UHVXOW YLUWXDOO\ QR PHWKRG KDV EHHQ
VFLHQWLILFDOO\ SURYHQ WR EH ILW IRU WKH UHDO SURGXFWLRQ
HQYLURQPHQW GHVSLWH WKH QXPHURXV DVVXPSWLRQV PDGH E\
UHVHDUFKHUV
4. Long-term capacity planning 
7KH DELOLW\ RI D PDQXIDFWXUHU WR HIILFLHQWO\ PDQDJH LWV
FDSDFLW\KDVDGLUHFWLPSDFWRQWKHFRPSDQ\¶VFRPSHWLWLYHQHVV
 3URGXFWLRQ IDFLOLWLHV RSHUDWH ZLWK PDFKLQHV DQG
UHVRXUFHV WKDW DUH RIWHQ H[SHQVLYH WRSXUFKDVHPDLQWDLQ DQG
RSHUDWH$VD UHVXOW WKHPDQDJHUQHHGV WRREWDLQ WKHKLJKHVW
SRVVLEOHSURILW DQG LQPRVW FDVHV WKDWPHDQV WKDW WKH IDFLOLW\
QHHGV WRUXQZLWKDKLJKXWLOL]DWLRQ 7KDW WUDQVODWHV LQWR
HQVXULQJDQRSWLPDOFDSDFLW\SODQQLQJVXFKWKDWDOODYDLODEOH
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PDFKLQHVDUHIXOO\XWLOL]HGZKLOHDWWKHVDPHWLPHPRQLWRULQJ
WKDWDOODJUHHGGHDGOLQHVDUHEHLQJPHW+RZHYHUWKHRSWLPDO
OHYHORIFDSDFLW\GLIIHUVIURPEXVLQHVVWREXVLQHVVGHSHQGLQJ
RQWKHUHTXLUHGIOH[LELOLW\6RPHSURGXFWLRQIDFLOLWLHVQHHGWR
UHVSRQG TXLFNO\ WR UXVK RUGHUV DQG WKHUHIRUH QHHG WR NHHS D
FHUWDLQSHUFHQWDJHRIWKHLUFDSDFLW\IUHHLQFDVHXUJHQWRUGHUV
DSSHDU7KHUHIRUHWKHDELOLW\RIDPDQDJHUWRDFFXUDWHO\
SODQ LWV FDSDFLW\ LV RI JUHDW DGYDQWDJH IURP DQ HFRQRPLF
VWDQGSRLQW
7KHUHDUHVHYHUDOVWDJHVWRFDSDFLW\SODQQLQJGHWHUPLQHGE\
WKH GXUDWLRQ RI WKH SODQQLQJ KRUL]RQ /RQJ WHUP FDSDFLW\
SODQQLQJFDQVSDQXSWRVHYHUDO\HDUVDQGDWWHPSWVWRGHWHUPLQH
WKHSRVVLEOHIXWXUHGHPDQGIRUHFDVWLQJDQDO\VHVLIWKHFXUUHQW
FDSDFLW\ ZRXOG EH VXIILFLHQW IRU WKH LGHQWLILHG GHPDQG
UHVRXUFHSODQQLQJDQGWKHQSHUIRUPVDURXJKSODQQLQJRIWKH
UHVRXUFHV VWDII DQG LQYHQWRU\ DJJUHJDWH SODQQLQJ
,QWHUPHGLDWH SODQQLQJ FDQ VSDQ RQO\ VHYHUDO PRQWKV DQG
FRRUGLQDWHVWKHUHVRXUFHVVWDIILQYHQWRU\PDWHULDOLQDPRUH
GHWDLOHGPDQQHUEDVHGRQ WKHQHZGHPDQGLQIRUPDWLRQ7KH
VKRUWWHUPFDSDFLW\SODQQLQJLVSHUIRUPHGLQSDUDOOHOZLWKWKH
VFKHGXOLQJ RI RUGHUV DQG WDNHV LQWR FRQVLGHUDWLRQ GHWDLOHG
SURFHVVVWHSV
$OOWKHDERYHVWDJHVKDYHDVLJQLILFDQWUROHLQWKHHIILFLHQW
IXQFWLRQLQJRIDSURGXFWLRQIDFLOLW\DQGWKHDFFXUDWHRSHUDWLRQ
RIWKHPLVRILPSRUWDQFH7KHPRVWXQFHUWDLQW\WKRXJKUHOLHV
ZLWKWKHORQJUDQJHFDSDFLW\SODQQLQJDVDOOWKHGHFLVLRQVDUH
EDVHG RQ WKH IRUHFDVW UHJDUGLQJ WKH GHPDQG ,W EHFRPHV
WKHUHIRUHUHOHYDQWWKDWVXFKSUHGLFWLRQVDUHSHUIRUPHGZLWKORZ
HUURUUDWHV
5. Cost estimation and the long term capacity planning in
die manufacturing 
7KH ELGGLQJ SURFHVV LQ GLH PDQXIDFWXULQJ WDNHV SODFHV
VHYHUDOPRQWKVDQGHYHQXS WR\HDU LQDGYDQFHRI WKHDFWXDO
SURGXFWLRQGHSHQGLQJRQWKHVFDOHRIWKHGLHVPDQXIDFWXUHG
7KHUHIRUHGLHPDNHUV KDYH WKHSRVVLELOLW\ WR LQFOXGHDOUHDG\
VXFKELGVDQGWKHSRVVLELOLW\RIREWDLQLQJWKHUHVSHFWLYHRUGHUV
LQWRWKHORQJWHUPFDSDFLW\SODQQLQJ$WWKLVSRLQWGLHPDNHUV
ZRXOG KDYH WR GHWHUPLQH WKH FRVW RI WKH GLHV RIIHUHG IRU
SURGXFWLRQLQRUGHUWRSODFHWKHLUELG7KHHIIRUWLQYHVWHGLQWKH
SURFHGXUHFRXOGEHIXUWKHUXWLOL]HGIRURWKHUSXUSRVHVDQGKDYH
VHYHUDOSRVLWLYHFRQVHTXHQFHV
$VGHVFULEHGLQWKHSUHYLRXVFKDSWHUWKHPRUHFRPSOH[FRVW
HVWLPDWLRQPHWKRGVKDYHWKHDELOLW\WRGHSLFWDFOHDUSLFWXUHRI
WKH SURGXFWLRQ SURFHVV HYHQ IURP WKH GHVLJQ VWDJH 7KLV
LQIRUPDWLRQLVDOUHDG\REWDLQHGLQWKHELGGLQJSKDVHZKHQWKH
GLHPDQXIDFWXUHU LV VWLOO LQSURFHVVRI SODQQLQJ LWV ORQJ WHUP
FDSDFLW\5HJDUGOHVVRIWKHRXWFRPHRIWKHELGGLQJSURFHGXUH
GLHPDNHUVFDQXVHWKHSURFHVVLQIRUPDWLRQREWDLQHGIURPWKH
FRVW HVWLPDWLRQ URXWLQH WR HYDOXDWH WKH FDSDFLW\ ORDGRI WKHLU
UHVRXUFHVIRUWKHORQJWHUP
7KHV\QHUJ\EHWZHHQFRVWHVWLPDWLRQDQGORQJWHUPFDSDFLW\
SODQQLQJZDVQRWUHYHDOHGZLWKLQWKHZRUNRIDQ\UHVHDUFKHUDV
KDVEHHQLGHQWLILHGGXULQJWKHOLWHUDWXUHUHVHDUFKIRUWKHSUHVHQW
DUWLFOH1HYHUWKHOHVVLQWHUYLHZVZLWKFDSDFLW\SODQQHUVRIDGLH
PDQXIDFWXUHUZLWKLQ WKH DXWRPRWLYH VHFWRUKDYH VKRZHG WKDW
KLQWV WRZDUG WKH FROODERUDWLRQ RI WKH WZR ILHOGV DUH DOUHDG\
EHLQJDSSOLHGLQSUDFWLFH,QSUDFWLFHWKHREWDLQHGEXGJHWIRUD
FHUWDLQ GLH LV VSOLW DFFRUGLQJ WR D VWDQGDUGL]HG SHUFHQWDJH
GLVWULEXWLRQ GHSHQGLQJ RQ WKH W\SH RI GLH LQWR WKH
PDQXIDFWXULQJ VWHSV LW ZLOO XQGHUJR 7KHQ XVLQJ WKH
FRPSDQ\¶VFRVWUDWHVWKHFRVWVDUHEURNHQGRZQLQWRWLPHVDQG
LQ WKLVPDQQHU WKH ORQJ WHUPFDSDFLW\SODQQLQJ LVSHUIRUPHG
7KHHUURUUDWHRIWKLVDSSURDFKLVUDWKHUKLJKDQGWKLVSDUWLFXODU
GLHPDNHURIWHQILQGVLWVHOIRYHUORDGHGDQGQHHGVWRRXWVRXUFH
DFHUWDLQVKDUHRIWKHSURFHVVHVLQRUGHUWREHDEOHWRUHVSHFWWKH
DJUHHGXSRQGHDGOLQHV
6. Discussion 
7KH FRPSOH[ SURFHGXUH RI FRVW HVWLPDWLRQ LV FXUUHQWO\
YLHZHGLQWKHOLWHUDWXUHVROHO\DVPHDQVWRHDUO\GHWHUPLQHWKH
FRVW RI D SURGXFW HYHQ IURP WKH GHVLJQ SKDVH +RZHYHU
HVSHFLDOO\IRUGLHPDQXIDFWXULQJWKLVSURFHGXUHFRXOGSURYHRI
DGYDQWDJHRXV 7KHVH WHFKQLTXHV DUH DOUHDG\ GHVLJQHG DQG
LPSOHPHQWHG LQ SUDFWLFH WR VXSSRUW GLH PDNHUV GXULQJ WKH
ELGGLQJSURFHVV8VLQJWKHDGGLWLRQDOLQIRUPDWLRQSURYLGHGE\
VXFK PHWKRGV WR DVVLVW LQ WKH ORQJWHUP FDSDFLW\ SODQQLQJ
EHQHILWVWKHGLHPDNHUDWQRDGGLWLRQDOFRVW
+RZHYHUWKHLVVXHRIDFFXUDF\RIFRVWHVWLPDWLRQPHWKRGV
LVVWLOOH[LVWHQW1RWRQO\KDYHWKHPDMRULW\RIPHWKRGVQRWEHHQ
YDOLGDWHGXVLQJUHDOFRVWDQGSURGXFWLRQGDWDWKHSRVVLELOLW\WR
GRLWLVVHYHUHO\UHVWULFWHGE\WKHXQZLOOLQJQHVVRIFRPSDQLHV
WRUHOHDVHVXFK LQIRUPDWLRQIRU UHVHDUFKSXUSRVHV7KHUHIRUH
IXUWKHULQYHVWLJDWLRQVLQWKHILHOGRIDFFXUDF\RIFRVWHVWLPDWLRQ
QHHGWREHSHUIRUPHG
7KHV\QHUJ\EHWZHHQFRVWHVWLPDWLRQDQGORQJWHUPFDSDFLW\
SODQQHG VKRZV WKHRUHWLFDOO\ JUHDW SRWHQWLDO 7KHUH H[LVW
DOUHDG\URXJKDWWHPSWVLQSUDFWLFHWRLPSOHPHQWWKLVSULQFLSOH
DQGWKHLURQO\IDXOWLVWKHTXDOLW\RIWKHXQGHUO\LQJLQIRUPDWLRQ
)XUWKHU UHVHDUFK WRZDUGV WKH LQIOXHQFH RI FRVW HVWLPDWLRQ
PHWKRGV RQ ORQJ WHUP FDSDFLW\ SODQQLQJ FRXOG UHYHDO
LQWHUHVWLQJ UHVXOWV WKDW FRXOG KDYH WKH DELOLW\ WR LPSURYH WKH
RSHUDWLRQRIQXPHURXVGLHPDQXIDFWXUHUV
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